pH is an important parameter which can vary during the hydrolysis process, as the 58 peptide bonds cleavage can modify the buffering capacity of the solution (Wei, et al., 2006) . 59
However, the pH can be regulated throughout hydrolysis using a pH stat approach. This 60 strategy allows maintenance of the pH at the enzymes' optimum throughout the reaction. 61
Nevertheless this method involves the addition of a titrant (acid or alkaline) to maintain the 62 target pH. This results in additional salts in the final hydrolysates. That is why an alternative 63 strategy commonly employed in industries consists of adjusting the initial pH to the enzymes' 64 optimum and then allowing the pH to change during the course of the hydrolysis reaction 65 without further addition of a titrant. However, as the tertiary structure of enzymes is pH 66 dependant, even small changes in pH during the course of a non pH-controlled reaction may 67 affect the conformation of the enzyme. As a result, this may affect its hydrolytic activity 68 (Whitehurst, et al., 2002) . For instance, hydrolysis of β-lactoglobulin by trypsin at optimal 69 pH (pH 7.8) and at lower pHs showed few differences in the generation of peptides and also 70 in the kinetics of peptide release (Cheison, Lai, Leeb & Kulozik, 2011) . It was also shown 71 that the extent of whey protein isolate hydrolysis with trypsin was dependent on the pH 72 oxidative status may occur in type-2 diabetic patients, the antioxidant capacity of the 91 hydrolysates generated was analysed (Rani & Mythili, 2014 
Enzymatic hydrolysis of WP 119
Hydrolyses were carried out as described by Nongonierma, Le Maux, et al. (2015) 120 with minor modifications. Briefly, WP was resuspended at 5% (w/w) in distilled water and 121 rehydrated at 50ºC for 30 min under agitation. The solutions were adjusted to the desired pH 122 (see below) using NaOH (0.5 M) or HCl (0.1 M). Two different enzyme preparations were 123 used to hydrolyse WP: a papain preparation (P) and its microbial-derived alternative (papain-124 like, PL). The enzyme was added at an enzyme to substrate (E:S) ratio of 2% (v/w) and 125 hydrolysis was carried out at 50ºC for 3 h under agitation. Hydrolysis was terminated by heat 126 inactivating the enzyme in a water bath at 90ºC for 20 min or 100ºC for 40 min for PL and P, 127
respectively. The hydrolysates generated with the papain (WPH-P) and with the papain-like 128 enzyme (WPH-PL) were then freeze-dried (FreeZone 18L, Labconco, Kansas City, MO, 129 USA) and stored at -20ºC prior to further analysis. 130
Hydrolyses reactions carried out under pH stat (controlled pH) conditions (Titrando 131 843, Tiamo 1.4 Metrohm, Dublin, Ireland) were initially adjusted and maintained at pH 7.0 132 for both enzyme preparations. The hydrolysis reactions carried out without pH control were 133 also initially adjusted to pH 7.0. On termination of the reaction, it was observed that the pH 134 had dropped to 6.1 and 6.3 for the WPH-PL and WPH-P, respectively. Therefore, hydrolysis 135 was also carried out under pH controlled conditions at pH 6.1 for PL and 6.3 for P. Each 136 hydrolysis reaction was performed in triplicate. 137 138
Quantification of the degree of hydrolysis (DH) using the trinitrobenzenesulfonic acid 139 (TNBS) method 140
The degree of hydrolysis (DH) was quantified using the TNBS method according to 141
Adler-Nissen (1979) and as described by Hernández-Herrero, Roig-Sagués, López-Sabater, 142
Rodríguez-Jerez and Mora-Ventura (1999) 
Analytical chromatography 163
Gel permeation high performance liquid chromatography (GP-HPLC) was used to 164 determine the molecular mass distribution at 214 nm of the hydrolysates as described by 165 Nongonierma and FitzGerald (2012) . 166
Sample analysis by reverse phase ultra-performance liquid chromatograph mass 168 spectrometry (RP-UPLC-MS/MS) 169
Samples were analysed on RP-UPLC-MS/MS, using a Waters Acquity UPLC system 170 (Waters, Milford, MA) coupled to an Impact HD (Quadrupole, Time-of-Flight) mass 171 spectrometer (Bruker Daltonics GmbH, Bremen, Germany) as described by Le Maux, 172 Nongonierma, Murray, Kelly and FitzGerald (2015). Briefly, the UPLC system was equipped 173 with a tunable UV detector set at 214 and 280 nm. The mass spectrometer was fitted with an 174 electrospray ionisation (ESI) source and was used in the positive ion mode. Instrument 175 control and data acquisition were performed using Hystar software (Bruker Daltonics GmbH 
DPP-IV inhibition assay 187
The DPP-IV inhibitory activity of each sample was determined as described by 188
Nongonierma and FitzGerald (2013a). The WPH were resuspended in HPLC water at a 189 concentration ranging from 2.5 10 -3 to 2.5 mg mL 
Degree of hydrolysis of WPH 210
The DH of the WPH samples are presented in Table 1 . All the WPH-P were of the 211 same order of % DH (P > 0.05). Likewise, there was no significant difference between all the 212 WPH-PL samples (P > 0.05). However, the WPH-PL were significantly more hydrolysed 213 than the WPH-P (P < 0.05), with DH of 4.93 ± 0.06 % and 10.80 ± 0.32 % for WPH-P-pH 7 214
and WPH-PL-pH 7, respectively. 215
Molecular mass distribution of WP samples by GP-HPLC and polyacrylamide gel 217 electrophoresis 218
Protein hydrolysis was observed by GP-HPLC, which highlighted the breakdown of 219 the high molecular mass (> 10 kDa) components within all the WPH samples as compared to 220 WP (Figure 1) . The GP-HPLC peptide profiles showed a higher proportion of short peptides 221 (< 1 kDa) in the WPH-PL than in the WPH-P samples. WPH-P-pH 7 had the highest 222 proportion of high molecular mass (26.8 % of compounds > 10 kDa) and WPH-PL-pH 7, the 223 lowest (11.1 % of compounds > 10 kDa). 
Peptide profile of WPH by RP-UPLC-MS/MS 230
All replicates of the same WPH had similar peptide profiles (data not shown). 231
Furthermore, WPH samples produced with the same enzyme preparation had comparable 232 peptide profiles, with certain peaks displaying different intensities under certain pH 233 conditions (some examples are indicated by red dashed boxes in Figure 2 ). These differences 234 were presented using Venn diagrams for each enzyme. The number of peptides with high 235 peak intensity (threshold of 3 × 10 5 ) was 238 and 236 for the WPH-P and WPH-PL samples, 236 respectively. The Venn diagrams showed that most peptides with high intensity were 237 common in hydrolysates generated at the three pH conditions (169 and 176 common peptides 238 for WPH-P and WPH-PL samples, respectively, Figure 3 ). These peptides generally had the 239 same intensity in the three WPH samples produced with the same enzyme. Sixty-nine 240 peptides, ranging from 519.308 to 1315.228 m/z showed intensity differences between the 241 WPH-P samples. For example, the highest intensity peak (657.869 m/z and elution time of 242 62.7 min) had intensities of 10.0 ± 0.5 × 10 6 , 5.2 ± 0.8 × 10 6 and 2.0 ± 0.5 × 10 6 for WPH-P-243 no pH stat, WPH-P-pH 6.3 and WPH-P-pH 7, respectively. Therefore, this peptide was 244 reported in the Venn diagram for the WPH-P-no pH stat sample ( Figure 3A) , among the 245 twenty-one peptides that had their highest intensities for WPH-P-no pH stat. However, no 246 clear pattern could be observed concerning the effect of each pH condition on the intensity of 247 the peptides released. Similar deductions could be proposed for the WPH-PL samples, which 248 had 60 peptides with different intensities ranging from 519.374 to 1451.066 m/z. 249 250
Bioactive properties 251
The DPP-IV IC 50 values were significantly lower for all the WPH compared to 252 unhydrolysed WP (P < 0.05, Table 1 ). All the WPH-P samples were of the same IC 50 order 253 (P > 0.05) with the lowest IC 50 at 1.40 ± 0.12 mg mL -1 for WPH-P-pH 6.3. The IC 50 of the 254 pH stat samples, WPH-PL-pH 7 and WPH-PL-pH 6.1, were significantly lower than the 255 value for their non pH stated equivalent (WPH-PL-no pH stat) (P < 0.05), with IC 50 of 1.01 ± 256 0.09 and 1.82 ± 0.26 mg mL -1 for WPH-PL-pH 6.1 and WPH-PL-no pH stat, respectively. 257
The pH stated WPH-PL-pH 7 sample had the lowest IC 50 values of all the WPH (IC 50 of 0.72 258 ± 0.08 mg mL -1 , P < 0.05). 259
The ORAC values of all the WPH were significantly higher than that of unhydrolysed 260 WP (P < 0.05, Table 1 ). There was no significant difference between the ORAC values of the 261 WPH-PL samples (P > 0.05). The ORAC value of the WPH-P-no pH stat sample was 262 significantly lower than that of WPH-P-pH 7 (P < 0. The ORAC values obtained were shown to be dependent on pH conditions used to 281 generate the hydrolysates. The higher ORAC values were observed for hydrolysates 282 generated at the constant optimal enzyme pH (i.e., pH 7.0) for papain and papain-like enzyme 283 preparations. The hydrolysis generated under pH stat conditions also displayed more potent 284 the DPP-IV inhibitory activities compared to non-pH stat hydrolysates. The bioactive 285 differences between samples generated under different pH conditions may be due to pH-286 dependant changes in enzymes conformation (Whitehurst, et al., 2002) . Indeed, alteration of 287 enzymatic activity under different pH conditions may have influenced the peptides released. 288 Therefore, this study has highlighted the importance for considering the use or otherwise of 289 pH controlled conditions depending on the applications of the hydrolysates, i.e., generation of 290 the more potent bioactive hydrolysate or importance of reducing the additives incorporation. 291 hydrolysed with the same enzyme preparation. However, some peptides showed different 303 peak intensity in MS depending of the pH conditions employed. These peptides, along with 304 peptides poorly represented in MS may be responsible for both the DPP-IV inhibitory and the 305 ORAC activity variations between samples. The identity of these peptides was not 306 investigated herein, however they all had m/z values inferior to 1500 Da. Short milk-derived 307 peptides (< 11 amino acids), containing one or more residues of histidine, proline, tyrosine 308 and tryptophan, have already been reported as displaying antioxidative properties (Pihlanto, 309 2006) . Similarly, most DPP-IV inhibitory peptides reported in the literature to date appear to 310 possess < 8 amino acid residues. In general peptides comprising a Trp at the N-terminus 311 and/or a Pro at position 2 were generally potent DPP-IV inhibitors (Nongonierma & 312 FitzGerald, 2014) . 313
314
The papain or microbially-derived papain-like enzyme preparations did not display 315 similar WP hydrolysis in the conditions used herein. Indeed, the two preparations yielded 316 hydrolysates with significant differences such as their physicochemical properties. For 317 example, a higher %DH and different peptide profiles were observed for the WPH-PL 318 compared to the WPH-P samples. The DPP-IV inhibitory activities were also different; 319 however the ORAC activities were of the same order for the samples produced with the 320 papain or papain-like preparations for all pH conditions. Conversely, a previous study 321
showed that these two enzyme preparations allowed the generations of quinoa hydrolysates 322 with similar physicochemical and bioactive properties . 323
Thus, the ability of the microbially-derived enzyme, used herein, to have the same properties 324 as papain would seem to be substrate dependant. Indeed, these enzyme preparations were 325 reported by the suppliers to contain several proteinases with broad specificities. 
